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abstract

Populations oi Rhododendron albiflorum Hook, in Colorado are disjunct by ca.

1470 km from populations in the Pacific Northwest. Morphological data showed
that plants from the two sets of populations differed in length and width of petals

and length of stamens. Genetic identity figures based on analysis of isozyme

electrophoresis found Colorado and Pacific Northwest populations to have an I

value of .76. These morphological, geographical and isozymic data support rec-

ognition of the Colorado plants as Rhododendron albijlorum Hook. var. warrenii

(A. Nelson) M. A. Lane, comb. & stat. nov.; the Pacific Northwest plants are

Rhododendron albiflorum Hook. var. albiflorum.

Key Words: Rhododendron albiflorum, morphology, isozyme electrophoresis,

disjunct populations, Colorado, Pacific Northwest.

introduction

Rhododendron albiflorum Hook. ("Cascades Azalea" or "White

Rhododendron") is a small shrub of subalpine areas in the Cas-

cade Mountains of northern California and Oregon, the Olympic

Mountains of Washington, and the Rocky Mountains of British

Columbia, Alberta and Montana, with disjunct (by ca. 1470 km)
populations in the Rocky Mountains of Routt and Jackson Coun-
ties, Colorado (Figure 1). The plants have grayish bark and short-

petiolate, narrowly elliptic, sparingly pubescent leaves. White
flowers are borne in small axillary clusters; corollas are broadly

campanulate and up to 2 cm wide. Though the plants are very

attractive, they are extremely difficult to cultivate, and so the

species is not well known among azalea fanciers.

Named by Hooker (1838), Rhododendron albiflorum is based

on a specimen from "alpine woods of the Rocky Mountains"

collected by Drummond, probably in Alberta or southeastern

British Columbia during his journey there in 1 825-27 (McKelvey,

1956). In 1900, Rydberg included Hooker's plant in Rhododen-
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Figure 1 . Distribution of Rhododendron albiflorum Hook. Each dot may rep-

resent one or more collections. The Colorado populations (Three Island Lake,

Lake Diana, Lake Katherine, Lone Pine Creek, Gilpin Lake, Ute Pass and Sla-

vonia) all lie within a 50 sq. mi. area in the Mount Zirkel Wilderness Area of

Routt National Forest in Routt and Jackson Counties, Colorado.

dron subg. Azaleastrum, and elevated the subgenus to generic

status. He contended that the deciduous leaves of Azaleastrum

albiflorum (Hook.) Rydberg distinguished it from Rhododendron,

and that its large sepals, lateral flowers, peltate stigmas and cam-
panulate corollas separated it from Rhodora and Azalea. Nelson

(1913) accepted Rydberg's generic treatment of the Pacific North-

west plants, but considered the Colorado populations sufficiently

different to warrant specific status, and named them Azaleastrum

warreniiA. Nelson. Most authors of floras (e.g., Harrington, 1954;

Peck, 1961; Hitchcock and Cronquist, 1973) have accepted nei-

ther Rydberg's genus nor Nelson's species, though Weber (1990)

and Weber and Wittmann (1992) use A. albiflorum (Hook.) Ryd-
berg for the Colorado populations. A recent monographic treat-
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ment (Philipson and Philipson, 1986) considered R, albijlorum

to be the sole member of Rhododendron subg. Candidastrum,
which nonetheless clusters with sect. Azaleastrum of subg. Aza-
leastrum in phenetic analyses (Falser et al., 1991).

In this study, we asked two questions: 1 . Do the populations

from the Pacific Northwest and those from Colorado constitute

one taxon or two? 2. If there is more than one taxon present,

should they both be recognized at the species level, or both as

varieties of a single species? Weaddressed these questions using

morphometric and isozyme electrophoretic techniques.

MATERIALSANDMETHODS

1
"I

'ii.

Collection data obtained from a total of 7 1 2 specimens bor-

rowed from 1 1 herbaria were used to construct a distribution map
for the taxon (Figure 1). Pollen from a selection of these specimens

was studied using both light and scanning electron microscopy.

Eight quantitative characters, referred to below as variables five

through twelve (VAR5 = leaf length, VAR6= leaf width, VAR7
number sepal length, VAR9

sepal width, VARIO = petal length, VARll = petal width, and

VAR12 = stamen length), were measured on representative spec-

imens from the Pacific Nortl:

{n = 7). Variables one through

51) and from Colorado

carried

Macintosh Ilsi microcomputer using SPSSfor the Macintosh

(SPSS, Inc., 1990),

Field observations

carried

acronym
Mount Zirkel Wil

demess Area, Three

Marion Co., Mount
Washington: Clallam

National Park, Hurricane Hill trailhead (ONP, 20 individu-

; and British Columbia: Vancouver Island, Grouse Mountain

ort (GMR, 40 individuals). Voucher specimens were depos-

KANU
Leaf sampl

laboratory on wet ice, ground in buffer as described by Mitton et

al. (1979), and stored at -80**C in microfuge tubes until use.



14 Rhodora [Vol. 95

VAR12

VARll

VARIO

VAR9

VAR8

VAR7

VAR6

VAR5

i i }

kVWVVWV'O???^

*** -*#**! "-W*^*! i**" ^f J ll""" --* --^^

^^^^^^^^J

^^-*"

I mww**4 *-* **m B^-v mit**m* ** **-*

3

{ ^
2 4 6 8 10 12 14 16 18 20 22

Figure 2. Graphic representation of the statistical analysis of eight meristic

characters (see Materials and Methods for explanation) of Rhododendron albiflo-

rum specimens from the Pacific Northwest (« = 57) and Colorado {n = 7). Numbers
on X-axis are cm for variables 5-6 and mmfor variables 7-12. Thin line = range,

boxed area = mean ± one standard deviation (hatched fill = Pacific Northwest,

solid fill = Colorado), vertical bar = mean. Note that while the means for some

characters (e.g., petal length, VARIO, and petal width, VARl 1) are significantly

different (Table 1), the range for the Colorado populations is included within

(VARl 1) or greatly overlaps (VARIO) that of the Pacific Northwest populations,

reducing their usefulness as taxonomic characters.

Starch gels were prepared according to protocols of Soltis et al.

(1983). Interpretable banding patterns were obtained from the

enzymes glucose- 6 -phosphate isomerase, phosphoglucomutase,

leucine amino peptidase, aspartate amino transferase and triose-

phosphate isomerase when run in buffer system 6 or a modifi-

cation of buffer system 8 (Haufler, 1985), The clearest banding
pattems for isocitric dehydrogenase, shikimate dehydrogenase,

malate dehydrogenase, and 6-phosphogluconate dehydrogenase

were obtained using buffer system 1 1 of Soltis et al. (1983) or a

pH 7.5 modification of the morpholine system of Odrzykoski and
Gottlieb (1984). Data from banding pattems were analyzed using

the program BIOSYS-1 (Swofford and Selander, 1981) on a Zenith

159 microcomputer.
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Table 1 . Comparison of means and standard deviations (SD) for eight mea-
sured characteristics (VAR5 through VAR12, as explained in text) of Colorado
and Pacific Nonhwest (Oregon, Washington, British Columbia, Alberta, Montana
and Idaho) specimens of Rhododendron albiflorum. Measurements were taken

from herbarium sheets; flowers were rehydrated in Tween'^'^.

Mean (SD)

Colorado Pacific Northwest

Character (^ = 7) {n = 51) P

VAR5 Leaf L (cm) 3.8714(1.378) 4.8314(1.150) <.05

VAR6 Leaf W(cm) 1.4571 (0,469) 1.8196 (0.444) <.05

VAR7 Rowers/cluster 2.8571 (1.069) 4.41 18 (2.376) NS
VAR8 Sepal L (mm) 7.2857 (1.380) 8.7549 (1.650) <.05

VAR9 Sepal W(mm) 3.2857 (0.488) 3.8333 (1.109) NS
VARIO Petal L (mm) 10.2857 (1.254) 14.1373 (2.764) .001

VARll Petal W(mm) 5.8571 (0.900) 7.8725 (1.466) .001

VAR12 Stamen L (mm) 7.4286 (1.512) 9.4706 (1.669) <.01

RESULTSANDDISCUSSION

The original descriptions provided by Hooker (1838) and Nel-

son (1913) differ in language and length, but little in content. In

our examination of the plants, we found no qualitative characters,

such as color or shape of corollas or shape of leaves, that could

be used to distinguish two different species. Likewise, pollen from

plants of the two areas was identical. Although Colorado plants

tend to be shorter (usually < 1 m) than Pacific Northwest plants

(1-2 m), and to have smaller leaves and fewer and smaller flowers,

these differences may be attributable to phenotypic plasticity in

response to the severity of the habitats in which they grow, Ele-

vational range for the Pacific Northwest populations is 1160-

2700 m above sea level and weather patterns have an oceanic

influence, while for the Colorado populations, the elevational

range is 3000-3500 mabove sea level and the climate is distinctly

continental.

Analysis of the quantitative characters indicated that the means
of measurements of leaf length and width, sepal length, petal

length and width, and stamen length of the Colorado populations

(Table 1) were significantly smaller than the means of the same

measurements for the Pacific Northwest populations. However,

correlations (Table 2) among the characters that have significantly

different means (Table 1) reduce the taxonomic value of those
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Figure 3. Dendrogram produced by cluster analysis calculated by the un-

weighted pair group method (SwofFord and Selander, 1981) based on unbiased

genetic identity (Nei, 1978).

differences. For example, it is reasonable for a shorter petal also

to be narrower (VARIO is correlated at the .01 level with VARl 1)

or for shorter leaves also to be narrower (the correlation between

VAR5 and VAR6 is significant at the .01 level). Even though a

discriminant function analysis of the Colorado populations versus

the Pacific Northwest populations indicated that petal length and

width, and stamen length, accounted for most of the distinction

between the groups, the ranges of measurements of these char-

acters for the Colorado populations are either completely within

or significantly overlapping with those for the Pacific Northwest

populations (Figure 2). Finally, a cluster analysis (not illustrated)

performed on all 58 specimens failed to group the 7 Colorado

specimens; rather, these populations were scattered among those

from Montana, Alberta and Washington. Thus, we conclude that

the morphological evidence does not support the recognition of

the Colorado plants as a species distinct from that of the Pacific

Northwest.

Results from isozymic analysis showed the Colorado popula-

tions to be distinct but failed to provide compelling evidence for

recognizing these plants at the specific level. As summarized in

Table 3 and Figure 3, genetic identity values among the Pacific

Northwest populations were consistently above .90 while those

between the Colorado and Pacific Northwest populations ranged

from .729 to .722, Given that the average genetic identity (Nei,
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Table 3. Matrix of similarity and distance coefficients (Nei, 1978) based on

data from electrophoretic analysis of 10 enzyme systems. Population acronyms

are explained in Materials and Methods. Above diagonal: unbiased genetic dis-

tance; below diagonal: unbiased genetic identity.

Population 12 3 4

1 TIL (Colorado) - .273 .258 .316

2 BLR (Oregon) .761 - .118 .090

3 ONP(Washington) .772 .913 - .000

4 GMR(British Columbia) .729 .939 1.000 -

1978) among congeneric angiosperm species is .67 (Crawford,

1983), our results might be used to suggest that the Colorado

populations should be elevated to specific status. However, it is

probable that the Colorado populations represent glacial relics

(Davis, 1983) that have been isolated for sufficient time to diverge

at the isozyme level, but there has been no corresponding mor-

phological divergence except in size.

Thus, the combined data suggest that the most reasonable tax-

onomic treatment of the two sets of populations is the recognition

of two varieties of a single species. The Pacific Northwest plants

are referred to R. albiflorum Hook var. albiflorum.

Rhododendron albiflorum Hook. var. warrenii (A. Nelson) M. A.

Lane, comb. & stat. nov.

Azaleastrum warrenii A. Nelson. Type: Colorado, Jackson Co., lower slope of Mt
ZirkeK 9275 ft„ 14 Jul 1911. E. R. Warren 16 rHoLOXYPE: rmH.
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